introduction
When physicians around the world started using diazepam in the 1960s, numerous studies were published showing that intravenous diazepam as sole sedative agent was safe, easy to use and well tolerated by patients. [1] [2] [3] [4] In the late 1970s and 1980s, midazolam replaced diazepam as first choice sedative for several procedures basically due to its better amnesia properties. [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] It has repeatedly been shown that physician-led sedation using the benzodiazepine diazepam is also safe and has a positive impact on patient acceptability of the procedure. 15, 16 In several countries, benzodiazepines are still the main drug of choice for procedures instead of using newer, rapidly acting, anesthetics, largely driven by cost concerns. 16 In the Santa Casa Hospital Complex (seven hospitals and eight ICUs), midazolam is the drug most used -and frequently solely used -for sedation in procedures like upper endoscopy, cardioversion or intubation.
The sedation time is reduced with midazolam compared with diazepam in several studies on medical procedures but the differences are not clinically relevant. 6, 16, 17 The awakening time is considerably longer for midazolam so that any time gained with induction of sedation is lost in the longer recovery. 15, 16, [18] [19] [20] However, most patients that need urgent intubation in the ICU will need continuous sedation, mainly due to respiratory insufficiency.
Studies examining the effects of midazolam reveal that they are similar to those of diazepam with few he-modynamic alterations. 16, 17, 21, 22 Hypotension is observed with both diazepam and midazolam. This side effect can be of relevance when inducing sedation in a patient already hemodinamically unstable as several patients in need of urgent intubation.
There are no randomized trials comparing midazolam and diazepam for sedation in urgent oral-tracheal intubation. The finding of clinical equivalence between the two drugs in quality of sedation and adverse effects would allow institutions to choose between the agents on a drug cost basis. Eight years ago we performed a randomized study to compare both drugs during hospital financial crisis and a partial analysis of results was presented in an international congress. 23 We are motivated to publish the results because the issue is up to date for several institutions in our country and others. Firstly, we hypothesized that diazepam and midazolam produce equal quality of sedation and, secondly, hemodynamic instability is equally significantly with both drugs. The main aim of this study was to compare the clinical effectiveness and after-effects of midazolam and diazepam in a single-blinded randomized design, during emergency intubation in the ICU. Also, we aimed to compare drug costs for adequate sedation during the procedure.
Methods
The local research ethical committee approved the study. The need for an informed consent was waived by the ethics committee as both drugs are commercially available and used by intensivists for the study procedure in the last thirty years. All patients admitted to the Central Intensive Care Unit of the Santa Casa Hospital Complex in Porto Alegre, over the age of 18 years, undergoing the first urgent intubation during ICU stay between May 2005 and October 2005 were eligible for the study. Patients were excluded if they had allergy to either drug, or if they were already under sedation. Immediately after decision to intubate, once all inclusion and exclusion criteria were met, patients were randomized in a single-blinded manner (opaque sealed envelopes) to either diazepam or midazolam for intravenous sedation during the procedure. Patients or families were not told which type of sedation they received but operators were unblinded.
All intubations were coordinated by a senior intensivist of the staff. Pre-intubation protocol followed our standard procedures for preparation (i.e. positioning, oxymeter, monitor) and preoxygenation before medication. The attending doctor administered the sedative according to a titration protocol. Diazepam was given as a 5 mg intravenous bolus followed by aliquots of 5 mg each minute. Midazolam was given as an intravenous bolus of 5 mg with further aliquots of 2.5 mg each minute. The use of an opioid (morphine or fentanyl) or neuromuscular blockers was allowed at discretion of the attending doctor. ECG, oxygen saturation, respiratory rate, and blood pressure monitoring were performed continuously throughout the procedure. Adequate sedation was considered whenever a Ramsay sedation scale 5-6 was reached.
Sedation time was recorded as the time from first injection to the time of adequate sedation. Oral-tracheal intubation was performed according to the standard ICU procedure. Each patient was observed during 60 min since first injection, every 15 minutes and thereafter continuously received sedation and analgesia to facilitate mechanical ventilation. During the observation period, we evaluated required doses of each drug, time to adequate sedation and duration of sedation. The following demographic variables were collected for all patients: age, gender, admission diagnosis, Acute Physiology and Chronic Health Evaluation II severity score (Apache II). 24 
Statistics
Data are presented as mean±standard deviation or median (25-75 percentiles) according to the statistical test used.
Comparisons of non-parametric data were by Mann-Whitney U tests. Parametric data were compared with unpaired Student's t tests. Cardiovascular and oxygenation parameters at each time were analyzed with a two-way repeated measures analysis of variance with post hoc Dunnett's test (within groups) and single degree of freedom tests (between groups) when significance was detected. Nominal data were analyzed by Chi-square or Fisher's exact test, as appropriate. P <0.05 was considered significant. Calculation of sample size indicated 17 patients in each group with a power of 0.8 and alpha 0.05, based on a pilot study after inclusion of 5 patients in each group and using a 30% difference on time for adequate sedation as outcome.
results
Between May 2005 and October 2005, 76 patients were intubated in the Central Intensive Care Unit. Twenty five patients were excluded from the study because they were under sedatives prior to intubation. Twenty patients were excluded because the assistant intensivist decided to use another sedative (e.g. propofol) or the intubation was considered urgent and no randomization was performed. Thirty four patients were randomized, but one patient in the diazepam group was excluded from the analysis because all data were lost. Patients' characteristics are shown in Table 1 . Both groups were similar in terms of illness severity and demographic data. There were no differences between study drugs during time for cardiorespiratory parameters or sedation intensity ( 
discussion
This study showed that both midazolam and diazepam were safe and well tolerated for physician-led sedation during urgent oral-tracheal intubation. At the doses used, they were equally effective and without major adverse events following the procedure.
Important differences between the clinical effects of the studied drugs when used in this manner were identified. Surprisingly, the sedation time was significantly reduced with diazepam compared with midazolam. In comparative studies with diazepam in several procedures, midazolam proved more effective at inducing rapid sedation. 16, [18] [19] [20] Midazolam is known to be rapidly absorbed and the onset of action is, therefore, faster than that of diazepam and its effects are expected to occur sooner than those of diazepam. In addition, the dose of both drugs to reach adequate sedation was similar. This finding is in contrast to several studies that have shown than midazolam is 2-3 times more potent than diazepam. 16, 17 We speculated that although this finding looks contradictory, a wide individual variation in dose-effect response was seen, as shown by the range of total dosages required in this study. These wide variations in response are typical of benzodiazepines and may be partly explained by high plasma protein binding. 25, 26 Obese patients have an increased volume of distribution due to enhanced distribution in peripheral adipose tissues and interactions with other drugs that are metabolized through the cytochrome p450 system can influence the clinical response. 27 Benzodiazepines have synergistic interactions with other drugs like opioids that were simultaneously used in most patients. Pharmacokinetics of almost all drugs, including sedatives, are not well known in critically ill patients. 28, 29 The reduction in blood pressure and the incidence of hypotension observed with midazolam and diazepam (60% of patients) may have been related to the high doses used to achieve rapid sedation in already sick patients prone to hemodynamic instability. Fifteen episodes of hypotension in this study occurred within the first 15 minutes. It has been shown that the use of both diazepam and midazolam is associated with decreased systolic blood pressure. 30 Midazolam is particularly associated with reduction in both systemic vascular resistance and diastolic pressure. 30 The lower cost with diazepam is an important finding. Although both drugs have generic presentations with lowering costs in the last decade, diazepam costs were much lower both because one milligram of diazepam is cheaper than one milligram of midazolam and the concentration used for the same sedative effect was smaller. Although cost evaluation was not precise because we did not include expenses with diluents, for instance, drug cost itself accounts for the greater part of it. The cost of one syringe was 0.4 real and for most cases a single one was needed.
The study has several limitations. The study was single-blinded and operator observations may have been influenced by individual experience and preference with each form of sedation. Due to the different titration properties and appearance of the two drugs, blinding the drug to the operator was not ideal. No adjustments were made in this study for body weight or concomitant drug use. We used the end-point of Ramsay scale 5-6 to indicate an adequate level of sedation. Despite the scale of Ramsay being mostly used these days, there is good correlation with other scales, particularly the Richmond Agitation-Sedation scale, and our end point was deep sedation which has excellent equivalence in most scales. 31 In addition, both groups included patients with somewhat low Glasgow coma scale or previous strokes that could interfered the sedation evaluation. The study is 8 years old and medical practices may have changed. For instance, the use of rapid sequence intubation as a standard protocol is not yet well incorporated by most physicians, both in our ICU and emergency room. However, the use of midazolam is still the most current practice for hundreds of procedures performed in more than 110 ICU adult beds in our Hospital Complex. Physician-led intubation using intravenous diazepam and midazolam is highly effective and well tolerated, with only minor effects. Sedation with diazepam is associated to a quicker sedation time than midazolam and to lower costs.
resuMo
Diazepam ou midazolam para entubação orotraqueal na UTI?
Objetivo: comparar eficácia clínica e custo de midazolam e diazepam para intubação urgente. Métodos: pacientes internados na UTI Central do Complexo Hospitalar Santa Casa de Porto Alegre, >18 anos de idade e submetidos a entubação urgente durante seis meses eram elegíveis. Pacientes foram randomizados para receber diazepam ou midazolam intravenoso. Diazepam foi dado como bolus IV de 5 mg seguido por alíquotas de 5 mg a cada minuto. Midazolam foi dado como um bolus IV de 5 mg, com alíquotas adicionais de 2,5 mg a cada minuto. Escala de sedação de Ramsay 5-6 foi considerada sedação adequada. Registramos tempo e doses necessárias para atingir sedação adequada e sua duração. Resultados: trinta e quatro pacientes foram randomizados; um paciente no grupo diazepam foi excluído por perda dos dados. Grupos foram semelhantes para gravidade da doença e demografia. Tempo de sedação adequada foi mais curto (132 ± 87 vs. 224 ± 117 segundos, p = 0,016), mas a duração da sedação foi similar (86 ± 67 vs. 88 ± 50 min., p = 0,936) para o diazepam em comparação com o midazolam. Dose total da droga para atingir a sedação adequada foi semelhante para ambas as drogas (10, 
